Background: Headaches are prevalent among Service members with traumatic brain injury (TBI); 80% report chronic or recurrent headache. Evidence for nonpharmacologic treatments, such as acupuncture, are needed. Objective: The aim of this research was to determine if two types of acupuncture (auricular acupuncture [AA] and traditional Chinese acupuncture [TCA]) were feasible and more effective than usual care (UC) alone for TBI-related headache. Materials and Methods: Design: This was a three-armed, parallel, randomized exploratory study. Setting: The research took place at three military treatment facilities in the Washington, DC, metropolitan area. Patients: The subjects were previously deployed Service members (18-69 years old) with mild-to-moderate TBI and headaches. Intervention: The interventions explored were UC alone or with the addition of AA or TCA. Outcome Measures: The primary outcome was the Headache Impact Test (HIT). Secondary outcomes were the Numerical Rating Scale (NRS), Pittsburgh Sleep Quality Index, Post-Traumatic Stress Checklist, Symptom Checklist-90-R, Medical Outcome Study Quality of Life (QoL), Beck Depression Inventory, State-Trait Anxiety Inventory, the Automated Neuropsychological Assessment Metrics, and expectancy of outcome and acupuncture efficacy. Results: Mean HIT scores decreased in the AA and TCA groups but increased slightly in the UC-only group from baseline to week 6 [AA, -10.2% (-6.4 points); TCA, -4.6% (-2.9 points); UC, +0.8% (+0.6 points)]. Both acupuncture groups had sizable decreases in NRS (Pain Best), compared to UC (TCA versus UC: P = 0.0008, d = 1.70; AA versus UC: P = 0.0127, d = 1.6). No statistically significant results were found for any other secondary outcome measures. Conclusions: Both AA and TCA improved headache-related QoL more than UC did in Service members with TBI.
INTRODUCTION E
stimates of the prevalence of traumatic brain injury (TBI) among military Service members range from 9.6% 1 to >20% 2 with a total of >330,000 cases of TBI among Military personnel since 2000. 3 Combat-related TBI is commonly associated with post-traumatic stress disorder (PTSD), sensory difficulties, sleep disturbance, and chronic pain, especially headache. Awareness of TBI-related symptoms has increased as the result of the Military conflicts in Afghanistan (Operation Enduring Freedom; OEF) and Iraq (Operation Iraqi Freedom; OIF and Operation New Dawn; OND). 4 There is no universally accepted term to characterize the constellation of symptoms that can occur after sustaining physical and/or psychologic trauma. Within the populations with PTSD and TBI, it is becoming increasingly apparent that many symptoms occur together as complex, multisymptom illnesses (e.g., pain, depression, anxiety, sleep disturbance, and diminished cognition). 5 The range of symptomatology that describes these coexisting sequelae has been called the trauma spectrum response (TSR). 6 Conventional medical treatments usually focus on single or clusters of symptoms that are classified into diagnostic categories and treated individually. While this approach may provide symptom relief, its multiple treatment strategies and polypharmacy are often complicated by adverse effects. Acupuncture, in contrast, has been shown to elicit a dynamic, multimechanism response and has the potential to influence multiple interacting components of trauma response and recovery. 7 As such, acupuncture has the potential to address multiple rather than single symptoms in order to address whole-person recovery. 7 Systematic reviews of acupuncture have shown its benefits for relieving headaches of various types (e.g., migraine, tension, and chronic daily headaches), [8] [9] [10] [11] [12] as well as sleep disturbance, anxiety, depression, PTSD, and pain. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] Consequently, it is a treatment approach that is well-suited for facilitating recovery after trauma. However, the optimal acupuncture treatment for post-trauma symptoms has not been well-characterized or studied.
This study was conducted to compare two types of acupuncture approaches currently being used in Military treatment facilities (MTFs) to usual care (UC). Specifically, traditional Chinese acupuncture (TCA), an auricular acupuncture (AA) protocol, and UC alone were examined to determine their comparative effectiveness for treating TBI-associated headaches and comorbid symptoms of trauma. The authors chose to investigate primarily the effects of acupuncture on headache, one of the most common TBI-related symptoms, and, secondarily, on the constellation of comorbid TSR symptoms.
Although founded on similar basic principles, TCA and AA differ in focus, diagnostic approach, needle sites, and duration of treatment. TCA is tailored to the individual and involves the insertion of thin needles at specific anatomical locations with an intention to restore dynamic regulation and stimulate healing. AA is more symptom-focused and responsedriven. AA views the ear as a somatotopic map; specific points are needled in the outer ear to affect distal anatomical regions. 24 TCA treatment sessions are typically longer and more involved, using an ''energy balancing'' framework to both contextualize and deliver treatment and judge responses. 25 Presenting symptoms and underlying problems are evaluated in the context of a patient's underlying constitutional strengths and weaknesses (i.e., personality/characteristics), pulse and tongue characteristics, and pattern of symptoms. Treatment goals include symptom reduction as well as enhanced energy, long-term health maintenance, and prevention of symptom relapses. 24 Conversely, AA follows a standardized algorithm that focuses on alleviating primary symptoms and takes less practitioner time to deliver. AA is not framed in terms of TCA theory; instead, using a set sequence for inserting needles and studs into the ear cartilage, AA is guided by the patient's response. With AA, indwelling ear studs are retained for longer periods of time (up to hours or days after the treatment visit), compared to TCA, in which the needles are inserted and removed during the treatment session. Another difference is that TCA takes years of specialized education and training to learn and gain mastery, whereas AA is a simple technique usually taught over the course of several days.
MTFs are often challenged by clinical-practice time constraints, the need to treat patients quickly in combatoperational environments, and the transitory nature of frequently deployed patients. While it is necessary to identify safe and effective treatments, it is also imperative to consider the feasibility of such interventions, given these unique challenges. Given that this research study was conducted during the height of the OEF/OIF/OND conflicts, a primary objective was to determine if it was feasible to deliver acupuncture as an adjunctive treatment in MTFs and whether one or both acupuncture approaches were more effective than delivering usual care alone. Specifically, this exploratory study sought to determine whether either acupuncture method was more effective than UC for patients with TBI in three areas: (1) improving headache-related quality of life (QoL); (2) decreasing headache frequency and severity; and (3) reducing comorbid symptoms associated with TBI. The central hypotheses of this study were that: (1) both acupuncture methods would improve headache-related QoL and reduce headache severity and frequency over a 6-week study period, compared to the UConly group; and (2) comorbid symptoms would be reduced 114 JONAS ET AL.
in a more-favorable direction in the TCA group, compared to AA or UC-only groups.
MATERIALS AND METHODS

Study Design Overview
This randomized, controlled exploratory study compared the effect of semi-standardized TCA, an AA protocol, and UC on headaches and related symptoms in a cohort of active Duty Service members with mild-to-moderate TBI (mTBI). Study participants were randomized to usual care plus TCA or AA, or UC only. Patients who were randomized to either acupuncture group received 10 treatments during the 6-week study duration. Patients who were randomized to UC-only were asked to follow their usual medical care as delivered by their MTF clinicians and, after a 6-week wait period, were offered the option of receiving AA. A followup assessment was conducted on all available study participants at week 12.
Setting
The study was approved and conducted at three sites in the 
Participants
Eligible participants were previously deployed Service members between the ages of 18 and 69 with a diagnosis of non-acute mTBI and current headaches of any etiology. Nonacute mTBI was diagnosed by an MTF clinician and based on standard DoD/Department of Veterans Affairs criteria, 26 which included the following: (1) an injury event (i.e., blast, fall, motor-vehicle crash, head impact) that occurred at least 7 days prior; (2) loss of consciousness (if present) for <24 hours; and (3) alteration of consciousness or posttraumatic amnesia for <1 week. Frequent headaches were defined as at least 4 headache days per month that required the use of either prescription or over-the-counter medications to obtain relief. Satisfactory cognitive functioning was verified by a clinician who ensured that each participant had a Ranchos Los Amigos Cognitive Score of ‡7. Service members were ineligible if they had received acupuncture treatment within the past 4 weeks or had any unstable medical, psychiatric, or surgical conditions that might affect their ability to receive acupuncture over the study duration. Female Service members who were currently pregnant, lactating, or planning to become pregnant during the study were also ineligible to participate in this study.
Study Acupuncturists
Acupuncturists with Master's degrees in acupuncture from accredited institutions and licensure in Maryland and/or Virginia delivered the acupuncture interventions. In addition, the study acupuncturists obtained limited privileges through the study sites' credentialing offices to deliver acupuncture within the context of this IRB-approved research study. These acupuncturists had extensive clinical experience, knowledge of traditional Chinese diagnosis, and expertise in treating chronic headaches and trauma. The lead study acupuncturist (A.D.) co-developed the TCA protocol and received individualized training in the AA protocol by its developer, Richard C. Niemtzow, MD, PhD, MPH, Col (Ret), U.S. Air Force. As such, she was responsible for training and supervising other study acupuncturists in both acupuncture protocols. A physician-acupuncturist (i.e., a physician with acupuncture training credentialed at the MTF) acted as a clinical supervisor.
Study Procedures
Recruitment. Research staff recruited potential study participants within the TBI, Orthopedic, and Physical Medicine and Rehabilitation Clinics at each MTF. Potentially eligible study participants learned about the study from case managers and IRB-approved study flyers. This allowed individuals to initiate contact directly with the research team if they were interested in participating in the study. Recruitment advertisements were disseminated at various locations, including hospital lobby areas and the National Intrepid Center of Excellence for Psychological Health and Traumatic Brain Injury. A Samueli Institute (Alexandria, VA) webpage with detailed study and contact information was created from IRBapproved recruitment flyers. In addition, the protocol was registered on clinicaltrials.gov.
Screening and enrollment. Research team members
obtained authorization via written release of information (DD Form 2870) from interested participants prior to verifying their study eligibility. Once all eligibility criteria had been confirmed, potential study participants received a detailed explanation of the study, reviewed the IRB-approved informed consent documents (ICDs) and Health Insurance Portability and Accountability Act (HIPAA) forms together with a research team member, and had ample time for any questions to be answered. Each patient who agreed to participate in the study met with a civilian research team member in a private examination room and signed a written ICD. Study participants were informed that they were permitted to withdraw their participation at any time during the study for any reason. After signing the informed consent forms, female Service members of childbearing age underwent blood or urine pregnancy testing to ensure negative results.
Randomization procedure. The randomization sequence (TCA, AA, or UC) used a permuted block randomization, with block sizes of 6, that was generated via a computerized random-number generator and was stored in a double-password protected HIPAA-compliant database within a secure server at the Samueli Institute. When a new study participant was enrolled, a study research coordinator would refer to the randomization database and register each study participant's group assignment by the date and time of enrollment. Each participant's randomization assignment was concealed from the lead acupuncturist and the rest of the research team until after the participant's initial Traditional Chinese Medicine (TCM) assessment had been completed. Immediately after this assessment, the study acupuncturist was informed of the treatment assignment and communicated that information to the study participant. This approach offered two advantages: (1) it permitted the lead study acupuncturist to evaluate each individual without foreknowledge of their group assignment and (2) study participants randomized to TCA or AA could elect to receive their first acupuncture treatment on this initial visit.
Initial TCM assessment. The lead acupuncturist (A.D.) conducted a TCM assessment of each study participant. During this 90-minute clinical evaluation, she conducted a TCM assessment, using the 5-Element model of acupuncture diagnostic skills of evaluation and interpretation of symptoms (e.g., pulse reading and tongue diagnosis) to determine each participant's primary and secondary headache patterns. In addition, she identified each participant's constitutional type using the 5-Element acupuncture diagnostic approach of assessing color, sound, odor, and emotion, and she identified locally painful (i.e., Ah Shi) points. This information was used to characterize study participants by TCM diagnosis and formed the basis for choice of acupuncture points in the TCA-group participants.
Interventions AA protocol-The AA protocol used in this study was created by Dr. Niemtzow, a former Active Duty Air Force physician-acupuncturist, who has used this procedure extensively in his practice and has found it to be effective for reducing chronic, refractory pain in military cohorts. 27 In the AA protocol, two types of needles were used: 1-inch, SEIRIN Ò L type (SEIRIN L-Type LC 20 · 30 mm; SEIRIN Ò -America, Weymouth, MA), and gold Aiguille Semi-Permanente (ASP) needles (tiny, conical shaped studs placed in auricular points for several days; Sedatelec, Irigny, France). They were inserted at specific auricular landmarks, using a stepwise algorithmic approach. The sequence and location of needled points was determined by the participant's severity of headache pain at presentation and his/her response to needling during each session. Between six and nine points were needled in each treatment session depending on the individual's response (i.e., a decrease or persistence of headache pain on an 11-point Likert scale). Indwelling ASP needles were inserted at the end of each session and participants were instructed to remove the needles after 3 days, or sooner if pain or redness developed at a needle site. See Appendix 1 for AA protocol. For patients who were allocated to the AA group, ten 45-minute acupuncture treatment sessions were administered over 6 weeks.
TCA protocol-A semi-standardized TCA technique found to be effective for treating PTSD was the foundation for the current study's TCA protocol. 28 Developed by Michael Hollifeld, MD and a team of acupuncturists, this approach predefines features of the primary condition in terms of TCM patterns and allows for a limited selection of individual acupuncture points to be used at each session. The TCA protocol used in the current study followed a similar approach. Twelve distinct TCA headache patterns and their associated acupuncture points were formulated by the study's lead acupuncturist (A.D.). This selection of patterns was based on likely conditions experienced by deployed Service members (e.g., nature of autonomic nervous system dysregulation caused by traumatic stress, exposure to extreme weather conditions or blast injuries, and comorbid symptomatology).
The TCA protocol incorporated the insertion of up to 22 acupuncture needles associated with each individual participant's: (1) primary headache pattern (up to three pairs of points); (2) secondary headache pattern (up to two pairs of points); (3) Ah Shi or tender points (up to four points); (4) constitutional points (Source points on two meridians); and, (5) up to two pairs of additional points from a selected list. See Appendix 2 for list of possible points. Point selection was reassessed every 2 weeks per TCM diagnostic and treatment principles. While the majority of points were located on the limbs, points also included local points of tenderness to the head, as well as the front and back of the torso. Acupuncture needles used in the TCA protocol were standard, sterile stainless-steel needles (SEIRIN L-Type LC 20 · 30 mm, SEIRIN L-Type 20 · 40 mm, SEIRIN J-15 JT 16 · 15 mm) and were inserted and removed at the completion of each session. Ten 60-minute TCA sessions were administered over a 6-week time period. While a consistent contextual approach (described in the following section) was implemented with all AA and TCA participants, the TCA sessions generally took about 15 minutes longer than AA sessions.
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Consistent contextual approach-Anticipating that there might be differences between the two treatment groups in time (and therefore, possibly amount of attention) given to study participants, the study acupuncturists implemented a standardized approach to study participants at every encounter. This approach was designed to assist participants in orienting themselves to the present moment and fostering a sense of control and empowerment. After the treating acupuncturist greeted and escorted them to the treatment room, participants: (1) received several minutes of time to orient to the room; (2) voiced assent when they were ready for the needles to be inserted; and, (3) tracked their pain levels immediately before and after the treatment session. These data were recorded as pre-post-treatment pain levels.
UC-All study participants continued to receive routine UC for their TBI, headaches, and associated symptoms as determined by their clinical teams. A UC-only group was included in this study to assess the differences in primary outcome (i.e., headache-related QoL from pre-to postintervention) when acupuncture was added to UC. UC encompassed standard clinical care delivered at each MTF for treating TBI-associated headaches and included antidepressants; antiseizure agents; and beta-blockers for prevention; nonsteroidal anti-inflammatory drugs, triptans, and combination medications; and nonmedication treatment options, such as physical, occupational, and speech therapy for ongoing management. 29 After completion of week 6 outcome measures, the UC group participants were offered a 6-week course of AA.
Outcome Measures
Outcome measures were obtained at three timepoints: (1) at baseline (prior to beginning the treatment period); (2) at week 6 (completion of 6 weeks of acupuncture treatment or UC only); and (3) at week 12 (completion of a no-treatment, 6-week follow-up time period). Primary and secondary outcome measures are depicted in Figure 1 .
Primary outcome measure. The primary outcome was headache-related QoL as measured by the Headache Impact Test (HIT), a standardized 6-item questionnaire that is used to assess an individual's perception of headache burden over the past month. 30, 31 Secondary outcome measures. The following secondary outcomes were obtained using validated assessment measures. These measures were chosen to encompass the spectrum of TSR symptoms (chronic pain, sleep disturbance, anxiety, depression, PTSD, emotional function, cognitive function, somatic function, and fatigue).
Global pain severity was measured on a 0-10 point Numerical Rating Scale (NRS). Participants rated their current (Pain Now), usual (Pain Usual), best (Pain Best), and worst (Pain Worst) overall pain over the previous 7-day time period. 32 Sleep quality was assessed with the Pittsburgh Sleep Quality Index (PSQI), which is used to assess sleep quality and disturbances over a 1-month time interval. 33 PTSD was measured by the Post Traumatic Stress ChecklistCivilian Version (PCL-C), 34 a self-report measure developed for assessing PTSD symptom severity. Somatic dysfunction was evaluated using the Symptom Checklist-90-R (SCL-90-R), which is used to evaluate a broad range of psychologic symptoms. Physical and psychologic functioning was assessed with the Medical Outcome Study Quality of Life (MOS SF-36), which is used to measure eight general health-related concepts.
Depression was initially assessed with the Hamilton Depression Rating Scale (HAM-D), a clinician-administered questionnaire. Because of limited availability of a licensed neuropsychologist to administer this measure, the depression measure was subsequently switched to the Beck Depression Inventory (BDI-II), a 21-question multiple choice self-report inventory. For the same reason, while anxiety was initially assessed with the Hamilton Anxiety Rating Scale (HAM-A), anxiety measurement was subsequently changed to the StateTrait Anxiety Inventory (STAI), a 40-item self-report assessment used to measure the severity of overall, state and trait anxiety symptoms. Cognitive function was evaluated through performance on the Automated Neuropsychological Assessment Metrics (ANAM), a common neurocognitive assessment tool used by the DoD. This tool is used to detect both the speed and accuracy of attention as well as memory and thinking ability.
Two assessments were designed specifically for this study. Daily headache frequency and severity and prescription and over-the-counter medication use, were documented in a Daily Headache Diary/Medication log. Participants were asked to enter their medication use and headache severity at the same time each day over the course of the study. A 2-item Expectancy Scale was adapted for this study by the research team in order to gauge participants' preconceived expectations regarding acupuncture. The questions were delivered at baseline only and measured (1) expectancy of headache relief (''Using a scale from 0 to 10, with 0 being no improvement and 10 being complete recovery, how much improvement in your headaches do you expect in 6 weeks?''); and, (2) expectancy of acupuncture's effectiveness (''Using a scale from 0 to 10, with 0 being not at all helpful and 10 being extremely helpful, how helpful do you believe that acupuncture will be for your headaches?'').
Statistical Analyses
Sample size calculations were based on the expected minimal detectable effect size. With a 5% significance level and 80% power, the required sample size was estimated to be roughly 24 participants per group to detect a 0.91 minimal detectable effect size in change in the primary outcome ACUPUNCTURE FOR TBI-ASSOCIATED HEADACHESmeasure. Assuming a 20% dropout rate, therefore, a starting size of 90 individuals was calculated for a definitive answer to the question.
For baseline univariate analysis, participant characteristics were reported, using descriptive statistics (e.g., for categorical variables and frequency counts, and for continuous variables, sample sizes, medians, means, and standard deviations). Baseline bivariate analyses were based on the entire study population using the full data set. For nonnormally distributed continuous variables, a nonparametric ANOVA (Kruskal-Wallis Test) was utilized to test if there were differences between distributions. For normally distributed continuous variables, an ANOVA was utilized to test if participants were indeed randomly allocated to different treatment groups. For categorical variables, a MantelHaenszel v 2 -test was utilized unless one of the cell counts was lower than 5, in which case, an extension of Fisher's exact test to r · c tables was utilized.
The primary and secondary hypotheses were tested based on a per-protocol population wherein only subjects who completed treatment were considered. This was because providing information regarding equivalence or noninferiority between the TCA and AA groups wherein the per-protocol (i.e., analyzing only patients who completed treatment) approach is more appropriate than the intentionto-treat (i.e., analyzing all patients enrolled and randomized regardless of whether or not they completed treatment) approach. 35 To test the effectiveness of acupuncture treatment, a nonparametric ANOVA (Kruskal-Wallis Test) was used to compare the pre-post differences among the treatment groups. The results were confirmed with repeated measures ANOVA (RMANOVA) analyses. The treatment group versus the control group was compared further, using two-sample Wilcoxon rank-sum tests, and was confirmed with two-sample t-tests. For the Wilcoxon rank-sum test, because the sample size was small, the large-sample normal 
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approximation might not have been adequate; consequently, exact P-values were reported. Given that some tests were multiple comparisons and the significance level had to be adjusted (e.g., Bonferroni correction), P-values were reported and the interpretation of ''statistically significant'' results were used judiciously. 36 Cohen's d effect sizes were also reported whenever possible.
Data analyses were carried out with SAS software, version 9.3 of the SAS System for Windows; SAS Institute Inc., Cary, NC. The Cohen's d effect size was calculated using a SAS macro created by Kadel and Kip. 37 
RESULTS
Participant Flow
Research coordinators screened a total of 126 potential participants for eligibility at the three study sites (WRAMC, from February to August 2011; WRNMMC, from September 2011 to March 2013; and FBCH, from March to December 2013). Of these potential participants, 81 were excluded for various reasons, most often for not meeting all study inclusion criteria (n = 44, 54%; see Fig. 2 ). Forty-five participants were enrolled in the study. Two participants withdrew at baseline because of psychologic issues that precluded their ability to stay on-study for the 6-week duration. Therefore, the research coordinators assigned the randomized intervention to 43 participants: TCA (n = 14); AA (n = 15); and UC (n = 14). Twelve enrolled participants (28%) withdrew during the course of the study (TCA = 3, AA = 3, UC = 6); their reasons for withdrawing study participation are described in Figure 2 . Six participants were considered lost to follow-up as they failed to complete the week 12 follow-up measures (Fig. 2) .
Baseline Data
The majority of study participants were male (88.4%), Caucasian (57.9%), and had attended some college or obtained a college degree (65.1%). Their mean age was 34 years. The majority of participants (74.5%) had deployed 1-3 times, with more than half deployed for 18-36 months (53.5%). Most of the enrolled participants (76.7%) reported they had sustained more than one head injury. No baseline differences in any parameter were observed among the 3 groups except marital status (P = 0.0111) and rank (P = 0.0346). See Table 1 . 
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Primary outcome. The mean HIT scores decreased in both the AA and TCA groups, but slightly increased in the UC group from baseline to week 6 (AA, -10.2% [-6.4 points]; TCA, -4.6% [-2.9 points]; UC, +0.8% [+0.6 points]). This change in HIT scores from baseline to week 6 in each acupuncture group, compared to UC, is shown in Figure 3A and in Table 2 . The between-group differences showed that the AA group had a statistically significant reduction in mean HIT scores, compared to UC (AA versus UC: -7.03; P = 0.0079; Cohen's d = 1.28). The TCA group also had greater mean improvements in HIT than UC, but these differences were not statistically significant (TCA versus UC: -3.53; P = 0.1566; d = 0.72). When both acupuncture groups were combined (Acup), HIT scores showed a significant improvement over UC (Acup versus UC: -5.20; P = 0.0213; d = 0.98; Table 2 , Fig. 3B ). The within-group differences in HIT scores did not reach statistical significance for either acupuncture group; however, Table 2) . Similar results emerged when both acupuncture groups were combined; there were significant between group differences in the combined acupuncture group versus UC in three of the global pain measures (NRS Pain Now, P = 0.0021; NRS Pain Usual, P = 0.0153; NRS Pain Best, P = 0.0004; Table 2 ). There were no statistically significant results in any other secondary outcome measure, including depression, anxiety, somatic dysfunction, physical/psychologic functioning, cognitive function, or sleep (Table 2) . Daily headache pain and prescription medication use could not be analyzed as only 25% (n = 6) of participants had maintained their daily headache entries consistently. Group differences were not calculated for HAM-A and HAM-D because of the small sample sizes at baseline and week 6.
For the ANAM, only two subset scores showed marginally significant between-group differences from baseline to Week 6 (Simple Reaction Time Repeated throughput score P = 0.0256 and throughput standard score P = 0.0263). These two scores are essentially equivalent as they measure the same construct in different ways. Mean Simple Reaction Time Repeated throughput score decreased by -10.8% in TCA, increased by 42.6% in AA, and increased by 13.2% in UC. The throughput measure is the number of correct responses in a set time interval and measures both speed and accuracy. Therefore, the AA group's larger increase suggests that this group had a performance improvement. Mean Simple Reaction Time Repeated standard score decreased by 11.1% in the TCA group, increased by 54.8% in the AA group, and increased by 17.3% in the UC group. There were similar results when acupuncture groups were combined (data not shown).
Additional analyses
Pretreatment expectations-At a single timepoint (baseline prior to randomization), participants were asked to rate their expectations about (1) headache improvement (i.e., if they expected their headaches to improve over the course of the 6-week study) and (2) acupuncture effectiveness (i.e., if they believed that acupuncture would be effective for relieving their headaches) on an 11-point Likert scale. The majority of participants (62.8%) had moderate-to-high expectation (>5) that their headaches would improve while on-study. A higher proportion (83.7%) expressed a moderate-to-high expectation (>5) that acupuncture would be helpful for relieving their headaches. When baseline expectations were analyzed after study completion, expectations of headache improvement and acupuncture effectiveness were highly correlated (r = 0.679). Expectations of headache improvement and acupuncture effectiveness were moderately correlated with pre-post differences in usual pain (r = -0.464 for ''expectation of headache improvement,'' n = 26, P = 0.017; and r = -0.422 for ''acupuncture effectiveness,'' n = 26, P = 0.032) and sleep quality (r = -0.470, n = 28, P = 0.0112; and r = -0.498, n = 28; P = 0.007, respectively; Table 3 ). There were no other correlations with any other outcome measures (data not shown).
The association was checked, using a RMANOVA of expectancy and randomization group as the independent variables and outcome measures as the dependent variables. In this RMANOVA, while holding both expectancy variables constant, there were significant time by group interactions among the following outcome measures: HIT (F(2.23) = 4.78, P = 0.018); NRS: Pain Now (F(2.23) = 4.22, P = 0.028); NRS: Pain Usual (F(2.21) = 4.02, P = 0.033); and NRS: Pain Best (F(2.23) = 3.78, P = 0.039). Both acupuncture treatment groups improved more in pain-related measures than the UC group. There were no significant expectancy by time interaction effects for these outcome measures; that is, when holding the treatment groups constant, improvements in pain-related measures were not associated with expectation. However, there were significant between-group expectancy effects on PSQI scores; that is, study participants who had higher baseline expectancy of both headache improvement and acupuncture effectiveness experienced better sleep.
Changes in headache pain during treatment visits-
Participants randomized to an acupuncture treatment group rated their headache pain immediately prior to and after each acupuncture treatment session. Both TCA and AA groups experienced immediate decreases in treatmentrelated headache pain at each visit (NRS change for TCA: mean -1.66; AA: mean -0.99); however, the mean pre-post change in treatment-related headache pain was significantly better in the TCA than in the AA group (P < 0.0001; Table 4 ).
Adverse Events
A total of 11 adverse events (AEs) occurred in seven study participants (Tables 5A-B) . Two AEs were unrelated to acupuncture intervention (i.e., hand injury due to accident, contact dermatitis after poison sumac exposure). Of the remaining nine AEs that were at least possibly related to acupuncture, all were expected AEs (i.e., documented in the protocol and ICD as having previously occurred in the literature), and none were serious AEs.
Five AEs occurred in 3 participants in the AA group, including three episodes of mild increase in headache pain immediately following the placement of ASP needles (by 1 point on the 10-point Likert scale), and 1 report of a migraine headache after completion of the AA treatment. In all cases, participants were monitored closely and symptoms resolved without any intervention. On subsequent visits, specific needle placement was either withheld or the position was adjusted. No participants withdrew study participation as a result of these AEs. Four AEs occurred in 2 P-values were calculated using the Wilcoxon rank-sum test with exact P-value *Cohen's d for effect size. Standard deviations were calculated using the change score of each group. TCA, traditional Chinese acupuncture; UC, usual care; AA, auricular acupuncture; diff, difference, SD, standard deviation; HIT, Headache Impact Test; NRS, Numerical Rating Scale; PSQI, Pittsburgh Sleep Quality Index; PTSD, post-traumatic stress disorder; PCL-C, Post Traumatic Stress Checklist-Civilian Version; SCL, Symptom Checklist; MOS-SF, Medical Outcome Study-Short Form; BDI, Beck Depression Index; STAI, State-Trait Anxiety Inventory; NS, nonsignificant.
participants among the TCA study participants. These included two episodes of pain at a specific acupuncture needle insertion site (SP 3) and an increase in headache-related pain after placement of acupuncture needles in Ah Shi points at the base of the occiput. In all cases, subsequent treatments were adjusted with a finer needle, or if no improvement was noted, withholding needle placement at that site.
DISCUSSION
Challenges and Limitations
A number of challenges were encountered during the course of this study that prevented us from reaching our anticipated enrollment goals. First, this acupuncture study was conducted during the height of the OEF/OIF/OND conflicts at MTFs in which many Service members were being treated for multiple traumas. Consequently, the severity of their injuries precluded them from being eligible for the study; 54% of Service members who were referred did not meet the study eligibility criteria, often because of complicating injuries. Another unexpected occurrence was that Service members who were treated for their TBI-related injuries at WRNMMC were not from the Washington, DC, area. Once they were medically stable, they returned home. Thus, it was not always possible to conduct the follow-up at the 12-week timepoint. Moreover, once enrolled on-study, it was difficult to schedule multiple study-related visits because most injured Service members were receiving care from multidisciplinary teams (i.e., Physical Medicine and Rehabilitation, Neurology, Physical Therapy, Occupational Therapy, Social Work). Enrolling in an interventional acupuncture study was not viewed by many clinical healthcare providers as a priority, given the more imminent clinical care needs of this patient population.
Another challenge encountered was institutional policies that changed over the course of this study. Licensed acupuncturists who performed all acupuncture interventions needed to obtain limited privileges through hospital credentialing departments in order to administer the study interventions. Over the course of the study, one of the institutions changed its credentialing policies and ceased providing licensed acupuncturists (i.e., who were not physicians) with limited privileges. Although licensed acupuncturists had previously been allowed to deliver acupuncture in the context of IRB-approved research studies, the mechanism to provide nonphysician acupuncturists with limited privileges was rescinded. As a result of this decision, enrollment ceased at that site. At the other site, a contract acupuncturist was hired and consequently, Service members could obtain acupuncture clinically-a circumstance that competed with study enrollment.
A second institutional change that occurred during this study was a Defense BRAC, which required changing geographic sites; during this transition period, it was not possible to enroll study participants until new IRB approval could be obtained. Despite these obstacles, the authors were able to enroll 45 participants in the study successfully.
There was an additional limitation. The number of participants who completed the outcome measures at study completion (week 6, n = 29, 64%) and follow-up (week 12, n = 22, 49%) created smaller than expected sample sizes, limiting the ability to draw definitive conclusions from the statistical analyses. While attempts were made to match both acupuncture intervention groups for equivalent clinician time and attention, the TCA group had a longer treatment time than the AA group (average, 60 minutes versus 45 minutes, respectively). This time was required for the acupuncturist to ask questions based on TCA theory to determine placement of the needles at each visit. This additional time and interaction with the acupuncturists could have affected the type of nonspecific care that patients in this group received and influenced their expectation of benefit, as could have possible differences in clinician contact time with the UC group.
Generalizability
Both AA and TCA had a larger impact on TBI-associated headaches than UC alone. Both acupuncture groups experienced headache improvement during treatment sessions (favoring TCA over AA during sessions) and over the duration of the study, compared to UC alone. AA is a more feasible intervention approach to integrate into MTF settings for TBI-related headache at this time. This is because of AA's ease of training, no need to have formal acupuncture knowledge to deliver, shorter time of administration, and flexibility for use in a variety of settings. This study could not determine which approach provided better longterm effects (past the treatment period) or a wider benefit for other TSR symptoms.
Interpretation
A mean positive difference of 7.03 was found in HIT scores in participants who received AA and there was a 3.53 difference for participants who received TCA, compared to UC. Combining acupuncture groups revealed a mean HIT score difference of 5.2 over UC. According to Coeytaux and colleagues who investigated the minimum important difference (MID) in patients with chronic daily headache, a betweengroup difference in HIT change scores of 2.3 units over time reflects a clinically significant headache improvement. 38 Thus, acupuncture resulted in both statistically substantial and clinically meaningful benefits as measured by the HIT.
Both the TCA and AA groups in the current study experienced immediate improvement in headache pain during the course of acupuncture treatment visits, with the TCA group showing a significant mean decrease in headache pain, compared with AA. When the two acupuncture groups were compared to UC, AA showed significant improvements in HIT scores that were greater than those of TCA over the course of the study period. In summary, both acupuncture approaches decreased pain better than UC alone immediately post-treatment and over the course of the study; however, the AA group's headache outcomes were sustained more over the study period, while TCA had a larger effect immediately following the treatment.
CONCLUSIONS
This exploratory study endeavored to determine the feasibility and comparative effectiveness of two acupuncture methods to improve headache-related QoL in Service members with headaches related to TBI. The two acupuncture methods used in this study were an AA protocol that followed an algorithmic approach based on painsymptom responses and a TCA protocol that was tailored to each participant's unique headache patterns and constitutional types. Participants in both acupuncture groups had improvements in HIT scores, compared to a UC-only group. However, headache-related QoL was greater in the AA group (Cohen's d = 1.28) than in the TCA group (d = 0.72), while treatment-specific headache pain improved more during TCA than in AA treatment sessions (NRS change for TCA: mean -1.66; AA: mean -0.99).
Secondary goals of this study were to evaluate if there were differential effects between the two acupuncture methods on trauma-related symptoms, including global pain; PTSD; anxiety; depression; sleep; and cognitive, mental and physical functioning. It was hypothesized that, compared to UC, participants receiving TCA would have more systemic symptom-based improvements than participants receiving AA. This hypothesis was not confirmed. The only secondary outcomes that showed significant betweengroup differences from baseline to week 6 were measures of global pain; both the TCA and AA groups experienced substantial improvements in current pain (NRS: Pain Now, NRS: Pain Best) and the TCA group in usual pain (NRS: Usual Pain). There were no other significant improvements in secondary outcomes. The sample sizes for these outcomes were likely too low to test this hypothesis adequately in this feasibility study.
In the analysis of pretreatment expectations, it was found that the majority of study participants had moderate-to-high expectation that they would experience headache improvement or acupuncture effectiveness while on-study. However, in a repeated-measure analysis, it was found that, while expectation had an effect on positive responses in select headache and pain variables, expectancy was not a major factor in explaining these responses. It was also found that both the TCA and AA groups experienced decreased headache pain during acupuncture treatment visits, with TCA participants experiencing significantly better treatment-related headache relief. The nine adverse events that were at least possibly related to acupuncture were mild, expected, and resolved either without intervention or with needle-site adjustment. In this small exploratory study, AA and TCA acupuncture improved headache-related QoL more than UC in Service members with TBI and resulted in only a few minor adverse effects. While larger studies are needed to confirm these findings, when the data from this study are considered with other research on acupuncture, headaches and PTSD, this study supports the use of acupuncture as a part of standard care for treatment of the TSR. 39 To receive CME credit, you must complete the quiz online at: www.medicalacupuncture.org/cme CME Quiz Questions Article Learning Objectives:
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1. Identify one statement below that was not a central hypothesis of this study: a) Co-morbid symptoms would improve more in a favorable direction in both acupuncture groups as compared with the usual care (UC) group. b) Both acupuncture methods would reduce headache severity as compared with the UC group. weeks following entry into the study. b) Service members were ineligible for the study if they had received acupuncture within the past four months. c) The initial TCM assessment was performed on all participants before the randomization into the Traditional Chinese Acupuncture (TCA), Auricular Acupuncture (AA), or usual care (UC) group. d) Those randomized to UC only were offered an option of receiving auricular acupuncture following the 6 week study period. e) To provide a consistent contextual approach to all three branches of this study, UC participants were given a series of weekly appointments during the study period at each Military Training Facility (MTF) with the treatment focus on fostering a sense of control and empowerment.
4. In consideration of the acupuncture protocols utilized, choose the one statement below that is not true: a) Twelve distinct Traditional Chinese Acupuncture (TCA) headache patterns were identified to assist in personalizing acupuncture point selection. b) The TCA protocol utilized points that corresponded to the participant's constitutional points as well as their Ah-Shi points. c) Both TCA and Auricular Acupuncture (AA) protocols offered ten treatments over a six-week time period. d) The AA protocol included Cingulate Gyrus and External Thalamus points if the patient presented with nausea. e) For initial headache pain of two to ten on the 10-point Likert Scale, gold ASP needles were used at the N points and participants were instructed to remove the in-dwelling needles after three days.
5. Choose the one statement below that is not a valid finding of this study: a) Significantly more adverse events occurred in the Traditional Chinese Acupuncture (TCA) group compared with the Auricular Acupuncture (AA) group, primarily including headache exacerbation in response to treatment. b) Headache Impact Test (HIT) scores decreased by week 6 in both acupuncture intervention groups indicating an improvement in quality of life as compared with the usual care (UC) group. c) Daily headache pain and prescription medication use could not be analyzed as only 25% of participants maintained their daily headache entries consistently. d) The Numerical Rating Scale (NRS) showed a significant improvement in response to both acupuncture intervention groups compared with the UC group. e) When baseline expectations were analyzed after study completion, expectations of headache improvement and acupuncture effectiveness were highly correlated.
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